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FOREWORD

Planning effective feeder bus services is an inportant task in the

design of a rapid transit |Iine. Many passengers can only access
the rail system by bus because many passengers do not live wthin
conveni ent wal king distances and parking is often linmted at the
stations. The success of the rapid transit line may thus depend

on an effective feeder bus network.

The process that was used by the Maryland Mss Transit
Adm nistration to design feeder bus services in Baltinore is

described in this report. An evaluation of the nethods used is
made through a conparison of projected and actual results. Thi s
type of "before-after” evaluation is rare in transit planning;

few transit systens critically evaluate the planning approach that
they have used "after-the fact."

This report was funded through the WUNTA Section 8 Special Studies
Program It is a good exanple of current feeder bus planning
practices at large transit systens. The type of planning
evaluation presented in the report is suggestive of approaches
that other systens might consider adopting.
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CHAPTER |

| NTRODUCTI ON
One inportant task in the planning of a rapid transit |ine
is the design of a feeder bus network which wll transport

transit riders to the new rail stations. A feeder bus systemis
a network of buses which collect and carry passengers to, or
distribute them from a specified place where they transfer wth
another transit vehicle. This hub or transfer point is served
by several feeder routes, which all feed into a typically faster
transit node. The success of a rail system depends, to a certain
extent, on the ability of the feeder buses to provide an easy
nmethod for accessing the rail, since not everyone can walk, and
par ki ng spaces are often limted.

One aim of sone feeder systens, besides serving existing
transit patrons, is to be attractive to auto users such that they
will prefer to leave their cars at hone, rather than fight the
traffic and pay high parking fees at their destination. Such
behavi or saves noney for the commuter, and provides benefits to
the conmmunity. The individual pays less for gas and auto opera-
tion, as well as elimnates parking charges. The community gains
by potentially conserving fuel, and reducing road congestion and
air pollution. In Baltinore, however, this was not a goal, since
the corridor described in this report has transit dependent

riders who generally have no choi ce.



Acconpanying the increase in new rail starts throughout the
country, is the need to know how to design successful feeder
systenms to transport riders to the rail stations. To aid other
cities interested in developing a feeder bus network, this
docunent outlines the process undertaken by the NTA in .ddesigning
its system The Planning Research and Evaluation D vision of the
Urban Mass Transportation D vision (UNTAR), U S. Departnent of
Transportation, is funding this work through a special Section 8
grant. In addition to docunenting Baltinore's actions, this
report evaluates the success of the planning nethods used, by
conparing projected and actual results, and nakes recomendati ons
for inproving the process of planning feeder service.

The following chapters discuss the planning process, eva-
luate it, and recommend changes. Chapter 2 describes the
Baltinore transit system and the Mss Transit Admnistration
(WEA) which operates it. Chapter 3 provides background on the
areas served by the feeder bus, explains the planning process,
and presents a framework for evaluating the planning results.
Chapter 4 evaluates each phase of the planning process, wth
recomendations for inprovenents. Chapter 5 summarizes this
report's major conclusions on how to inprove the feeder bus

pl anni ng process.



CHAPTER 1|1
PROJECT SETTI NG

The area involved in the Baltinore Feeder Bus Planning Study
is located in the northwest corridor of the city and adjacent
Baltinore County (Figure 1).. The Mss Transit Administration
(MrA),, which is responsible for providing transit services to
three jurisdictions, Baltinore CGty, Baltinore County, and Anne
Arundell County, managed this project.

These three jurisdictions have a conbined population of
1,813,165 and 1,09® square miles of land area (Table 1).
Baltinore City has the |argest population, 786,775 (43 percent),
wth the snallest area, 80 square miles. Persons enployed in
Baltinore Cty, Baltinmore County, and Anne Arumndell County total
921,60®, wth 50 percent of the jobs located in Baltimuwre CGty.
O the 458,00®@ working in the city, 127,000, or 28 percent, are
based downtown, the |argest enploynent center in the region. The
service area of the four outer rail stations included in the
feeder bus planning study has a popul ation of 140,38® and enpl oy-
ment of 42,39® on 15.3 square miles of land (Table 1).. This area
has 18 percent of Baltinore CGty's population and 9 percent of

its enploynent. 1

LThe city and county statistics are from the 1980 Census, while
study area popul ation and enploynent statistics are based on the
RPC Round Il Socioeconomic Data (1983). Study area square
miles arebasedonttheRRCTeedimical MamiNoo.11 on the Baltinore
Region Transportation zones (revised 1980)).
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TABLE 1
SOCl CECONOM C  CHARACTERI STICS OF JURI SDI CTI ONS
SERVED BY MFFA AND STUDY SERVI CE AREA

Squar e
Popul ati on Enpl oynent M1 es
Baltinore Gty 786,775 458,600 80.34
Bal ti nore County 655,615 316,300 597.6
Anne Arumdell County 370,775 146,700 418.37
TOTAL NTA SERVI CE AREA 1,813,165 921,600 1096..31
STUDY SERVI CE AREA 140,369 42,390 15.3

Sour ce: 198@ Census



Unli ke nost other transit authorities, the NTA is part of a
State agency, the Maryl and Department of Transportation
(MDOM). The MTA has responsibility for planning, scheduling, and
operating transit service in the Baltinore netropolitan area.

The Pl anning and Program Devel opment Division within the NTA
managed the Feeder Bus Study. O her divisions of NTA which
contributed to the study include the Transit Operating Division
(Tap),, and the Comunity Relations Department. The TOD anal yzes
bus operational requirenents in ternms of vehicles, hours, and
drivers, and determ nes bus schedul es. The Community Rel ations
Departnent coordi nates between the NFA and the comunity. It
organi zed the extensive public participation effort for the Bus
Feeder Study.

The Regional Planning Council (RPC), the Metropolitan Pl an-
ning Organization for the Baltinore region, also participated in
t he study. Its major role involved developnent of the node
choice access nodel wused to estimate the percentage of rail
patrons who would ride the feeder buses.

During the fiscal year ending in June 1983, MTA carried
74,128,881 annual bus passengers and provided 24,186,99% bus-—
m | es of service. This included a fixed-route denand-responsive
van for the elderly. As of August 1983, the NTA enployed 1,349
bus and rail operators, 69 street supervisors, and 1,202 adm ni -
strative and support staff, including enployees in planning,
engi neering, and accounting. The MTA operates a 47 route bus
system plus an eight mle rail rapid transit line with nine

stations. The next section of rail to open, wll extend the



northwest line by six mles and add three stations. The possibil-
ity of a two mile, two station rail segment iimtthes northeast part

of the city is presently being studied.



CHAPTER [ 1|
THE FEEDER BUS PLANNI NG PROCESS

The planning process conducted by the Mass Transit
Adm nistration (WMIA) in developing a feeder bus system is
di scussed in this chapter. The chapter begins with a statenent
on the study's purpose and is followed by a description of the
study area. In the next section the details of the planning

process are explained, including nmethods used, assunptions, and

concl usi ons.

STUDY PURPCSE

The main purpose of the Feeder Bus Planning Study was to
develop a feeder bus network that oriented bus service in the
northwest corridor to the new rail stations. In realigning the
bus routes, the new system was to be designed so that it met the
needs of the conmunity and encouraged ridership. This meant that
the level of service (i.e., coverage and trip tinme) provided to
nost individuals would be inproved or maintained at existing
levels. Although an attenpt was made to mnimze trip tinme, sone

riders did experience longer trips with the feeder system

STUDY AREA

The Feeder Bus Planning Study covers a corridor within the
nort hwest section of Baltinore and adjacent Baltinmore County.
The first section of the rail system to begin operation extends
for eight mles, from dowmtown Baltinore northwest to just before
the Baltinmore Gity/County Iine. O the nine stations along this

rail line, six are underground and three are above ground. The



underground stations are the ones closest to downtown.
Extensions are expected to be added to the system in the future.

The goal of the Feeder Bus Study was to develop a feeder
network to transport riders to and from the four stations
farthest from downtown Baltinore, since the routes in the vicin-
ity of the five inner stations already traveled close enough to
the stations so that they could easily be diverted there to drop
off and pick up passengers. The Feeder Bus Study therefore
involved 24 (out of a system total of 47) existing bus routes
which operated in the vicinity of the outer four stations.

Three of the four outer stations serve primarily residentia
ar eas. Reiisterstowm Plaza Station, the station farthest from
downtown Baltinore, has surrounding residential neighborhoods
with high income and auto ownership, plus a few sections wth
low incone and elderly residents (Table 2). The Rogers Avenue
Station, which follows Reisterstown Plaza when heading south
towards downtown, also has surrounding residential neighborhoods
with high auto ownership and concentrations of |ow income and
el derly persons. The West Cold Spring Lane Station, the next
station headi ng downtown, serves neighborhoods which are primr-
ily nmedium to high density residential, wth sone comrercial
strips and |ight industry. This area also has a |arge nunber of
| ow i ncome and el derly residents. The fourth station, Nondawnrin,
is the only station which is underground. Its service area
includes a mxture of commercial, institutional, parkland, and

hi gh-density residential |and uses.



TABLE 2
SOCl CECONOM C - SUMVARY

Rei sterstown Cold Spring
Pl aza Rogers Ave. Lane Mondawnii n

Popul ati on* 77,000 72,490 43,120 43,790

El der | y** 9,770 7,760 2,610 3,150

poot** 3,450 7,240 7,460 7,630

Househol ds* 28,400 23,850 13,700 17,960

Aut omobi | es* 44,100 27,960 11,740 15,920

Aut os per Househol d* 1.55 1.17 .86 .89

Labor For ce* 38,400 34,180 18,850 20,460

Enpll oyt 24,050 14,470 5,960 10,650

Medi an | ncome*** $23,400 $15,530 $13,830 $13,830

Approxi mate Service Up to 6 up to 3 up to 3 up to 3
Area Size mles from mles from mles from tiles fram

station station station station

Source : Mass Transit Administration, Planning and Program Devel opnent

Division, Services Planning Departnent, Feeder Bus Study Task

Report No. 4, Project Patromage Process and Devel op Cost Model,

June 1981, p. 32.

* Regi onal

Pl anni ng Counci |
Transportati on Zone, Techni cal

% 1970 Census.

***Census Tract Update, 1970-1976..

10

Round 9 Soci oeconom ¢ Data by

Meno 36, 1975.



TEE PLANNI NG PROCESS

A seven-step process was used to design a feeder network
that would transport riders to the rail stations, as well as
satisfy intra-routtee travel needs. First a transit patronage
survey was conducted to determne ridership, travel patterns, and
access nodes. Then, a feeder bus service connecting to an
express bus route was inplemented to test operational concepts
and to identify community attitudes. Next, an access node choice
nodel was developed to estinate the percent of rail riders
expected to transfer to or fromthe bus. The results of the node
choice nodel and previous rail and bus ridership estinates were
used, to project feeder bus patronage. After developing nodels to
project patronage and cost, alternative feeder bus routes were
eval uated. Then, an alternative was chosen and later revised
based on «citizen input. The remainder of this chapter wll

di scuss in nore detail each step of the planning process.

TRANSI T PATRONAGE STUDY

The Transit Patronage Survey was conducted during My
t hrough August of 197&. This planning phase consisted of passen-
ger surveys and ridership counts. The purpose of the survey was
to determine existing ridership, and identify travel patterns and
soci oeconom ¢ characteristics of current transit riders in the
nort hwest corridor. Information |earned about ridership, travel
patterns, and soci oecononmi ¢ characteristics was used at a |ater
stage in the planning process to calibrate and validate the

pat r onage nodel .

11



Before inplenenting the survey, four pilot surveys were
conducted, to test the wording of the survey questions and
passenger wllingness to respond to the questions. Each pilot
survey differed in wording, questions, layout, the nunber of
surveyors, the option of mamiling the survey, the survey hours,
and the incentive of a free bus token for returning the survey
(Table 3).. The MrA did not nmaintain detailed records of the
response rate for each pilot test, but do know that pre-tests
W thout an incentive for survey conpletion averaged a 40 percent
response rate, Wwhile availability of an incentive increased the
response rate to 55 percent. The final survey questionnaire did
not offer an incentive.

The pilot questionnaire chosen for use in the actual survey
(Figure 21, was the survey jn which respondents best seened to
understand the questions, and were wlling to answer them wth
the exception of certain socioecononm ¢ questions, such as incone.
The NTA wanted a survey which encouraged responses to the trave
guestions, even if a respondent did not wsh to answer the nore
personal soci oecononm ¢ questions.

The pilot surveys were a valuable tool in designing the
actual survey. The testing of the surveys helped reduce costs
and produced nobre accurate responses. By testing the wording,
respondent msinterpretation of questions becane evident and
revisions made. The pilot surveys also denonstrated the need for
two surveyors on each surveyed vehicle, one to pass out question-

naires and the other to count riders. The maidllback option and

12



SUMMARY OF THE PIIOT TESTS

TABLE 3

4TE 5/18/738 7713478 7120178 7126178
INE #1 #7 #0O #20
JRVEY FORM Fomm A /2 Form A Fomm C Fommn C
1/2 Form B

JMBER OF
JRVEYORS 1 per bus 2 per bus 2 per bus 2 per bus
{ILIEBNCOK
FTION yes ves no no
[ME OF
\Y 6 AM to 6 PM 6 AN to 9N RM 6 AM to 6 PM 6 AM to 1 PM
[RECTION Imboumd & Imbaummnd Imibaumd Inbawmdl &

Ouit bboumaf Owitbounmnd
UCENITIVE No No No /2 Yes

/12 No

jurce: Mass Tramsit Adbinmittration, Plamnimg and Prograam Develbpprenit

Divisiom, Services Plamning Department,, Feeder Bus Study
Techmicall Report No. 1, Tramsit Patromage Swmvey, June 1979,
pa 3"2.’
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FIGURE 2

FINAL ON-BOARD SURVEY
TiReie

MTA BUS SURVEY

1. Whesre dyfd you come FROM?  {gthask One)

fley ‘q:
e 3

T

1DY¥our home 55 ¢0460 0 chos!
ZESMsomrr workplace Q2GteEr (ihoppiitg. sociall,
doctor. bk, ete.)

2. What is the address (or building pame)?

NN RN E RN R EE RN RN AR

number street zipcode

onLLELILILLP AL ILLtty)

name of building or factory

3, How did you gel to this bum? {chesl one)

Y[ Transferred {rom Bus Route (fill in number)
2[J)Walked only

3 Drove car

4 ™) Rode in car

§ DOoiierr Wead, bike. etc, }

4. What is your destination?

1 ¥ our home B\t school
25Ybour workplace #{ 3 Other (atiwpping. ® ociall,

doctor. bamlk, etc.)

5. Whatt is the addrerms (OR building name)?

RN RN RSN

number street zijpeaxiie

O R__IHNA=4- inahl

nape of building or factory

6. How will you get to your destination from this bus?

L3 Thameftsr to Bus Route (fill in numbem)}
2 Walk only

3 ) Drive car

4 Ride in car

S[JOther ttaxi, bike. etcd)

7. What time did you leawe home today? TaM
1:DPM
(time)
What time will you arwiiree home today ? COAaM
2 _I5em
(time)

TELIL US SOMETHING ABOUT YOURSELF.. . Your resppomre will help us
determmise if othera will tme new bus ®  erviiees.

8. How many times a week do you malke this ®rig¥ Icheak one)

B3sridem o 02244 £3B EDdosee than § . . .
Souree: Mass Transiitt Adniimiisttrradtinn,
9. Wam & car available to you for this trip? 10YeRs 2D Pllalﬂlmm and Ptogm mwlw_
10. Do you have a driver's licamse?? 1DYESS 20PN et DlthLSIl(uh, Seni s
11. How did you pay youwr bus fare? Pllalﬂlmllﬂg mp@mﬁm‘tt, Feeder
1 =D cAsH in farebex 4 =) MTA Monthly PASS Bus SFUCIV Techniicadl Repontt No
250 eutieasy MTA TOKEN 5 [© Studemt Ticket Transiitt Patrrensge Surwey, Jua
3L SSpedir) Senior Citizen or Handicapped TOKEN 1979 p 3-3
19 the hd
12. In what YEAR were you born? "a-
13. Arc you: 15 thambde Z3) Malks
14. What i your total family income? (chestk ond)
1ZbHielow $3,800 S0Ddnveenn $15,@00 b $20,000
2-Devreern $3,000 & $6,000 & Ddimmeeecr: $2D,@0) L $25, OO0
3 Diwerrn St00 & $D.000 FOOwiér $25,0000

430ktvveern $10,@D0 L $1S5, 000




the incentive of a free bus token did not significantly increase
the survey response rate, and therefore were not included in the
actual survey.

The actual survey occurred during 10 days of August 197&.
Passengers on 14 routes between the hours of 6 am. to 1 p.m
received printed survey questionnaires while on board the bus.
MTA would have preferred to survey for an entire day, but were
restricted to a half day due to cost. Qut of approximtely 1,160
MTA daily bus trips during the survey hours, about 860 trips were
surveyed, or 74 percent. Approxi mately 13,60® usable surveys
were returned from the 38,300 patrons who boarded the surveyed
buses, a 36 percent response rate. NTA estimates that this
equal ed 28 percent of all daily transit passengers traveling in
the northwest corridor between 6 a.m. and 1 p.m For each trip
not selected, at |east one scheduled trip with simlar charac-
teristics, such as direction of service, time of trip, type of
service (regular or express), and simlarity in |ocation was
i dentifi ed. Then the survey results from the simlar surveyed
trip were also attributed to the non-surveyed trinp.

In addition to the surveying effort, two types of ridership
counts were made: on-of f counts and point counts. On-off rider—
ship counts track the nunber of passengers who get on and off the
bus at each stom, as well as total nunber of passengers on the
vehicle between stops. Point counts are a type of ridership
count that records the nunber of passengers on each bus that
passes by a particular point. Wile on-off counts were nade by
the surveyors physically in the busp point counts were taken by

individuals on the streettt, and had a dual purpose. First, they

15



provided a check of the on-off counts at that point, and
secondly, provided ridership estimates for those buses passing by
which were not surveyed. These estimates of unpsurweyed buses
were used to project the ridership of unsurveyed trips.

The data from the on-off ridership counts were used to
estimate the response rate. Survey cards were serialized, and
the surveyors noted the serial nunbers of the questionnaires
di stributed aboard each bus trip, in order to |later determ ne the
nunber of returns per bus trip.

Based on the proportion of surveys returned, the results of
the survey questionnaires were factored to represent total tran-
sit travel in the northwest corridor during the period of the
survey (6 am to 1 p.m). The factoring accounted for both those
riders who were on a surveyed trip but did not return a usable
survey, and those who did not take a surveyed trip.

Attenpts were nmade to reduce possible factoring biases. To

this end, surveys were aggregated according to trip

characteristics: bus route segnent, type of service (regular or
express), inbound or outbound, and tinme of day based on two hour
i nterval s. An expansion factor for each ridership group was

cal cul ated from

nunber of patrons hoarding

nunber of usable surveys returned by these patrons

This group factor was applied to each questionnaire in the group

to estimate a trip table of passengers on surveyed trips.

16



An expansion factor was also derived for patrons on unsut—
veyed buses. Both surveyed and non-surveyed bus trips which
operated during the survey tinme, between 6 a.m. and 1 p.m, were
categori zed by: bus route, type of service (regular or express),
i nbound or outbound, and time of day based on two hour intervals.

The expansion factor was cal cul ated by:

total passenger |oads observed for all bus trips

total passenger |oads observed for surveyed bus trips

Appropriate group factors were applied to each questionnaire,
resulting in travel and socioeconomc characteristics for al
riders in the northwest corridor from6 am to 1 p.m

The information derived from the survey included: trip
origin and destination, node used to access and egress from the
bus, trip purpose, trip frequency, travel tine, and denographic
i nformati on. The major characteristics of northwest corridor

transit patrons as identified through the survey were:

0 nore than one-half were under 30 years old,

0 60 percent were fenale,

0 nore than 50 percent had famly incones below $10,000
per year,

0 57 percent did not have a driver's license, and

0 50 percent indicated that a car was available for the
rip.

Furthernore, the key characteristics of nobrning peak period

transit travel patterns in the corridor were identified:

0 86 percent of the trips were work-rel ated,
0 60 percent of the riders walked to the bus,
0 one-third of the riders transferred from another bus,

17



0 60 percent of the passengers paid the fare with cash;
one-third used a nonthly pass,

0 60 percent of trips were in the inbound direction, and
0 40 percent of the norning peak trips were on the three
maj or radiia] lines serving the corridor, bus nunbers

5.7, and 28.
This survey also provided guidance for designing the alter-
native feeder bus systens. Major conclusions were:

0 The feeder bus system should perform both collection
and distribution functions.

0 The nunber of existing riders who make short distance
i nbound trips and would have to transfer twice, from
bus to rail to bus, should be m nimzed.

0 To prevent additional transfers for crosstown bus
passengers, crosstown routes should not be term nated
at a station, but should continue past the station to
the existing term nus.

FEEDER BUS DEMONSTRATIION

The next step in the planning process was the conduct of a
feeder bus denmonstration project. The project involved
i mpl ementing new feeder bus service that carried patrons from
home or work, to a point where they could transfer to an express
bus traveling directly downtown. Overall, this denonstration was
unsuccessful, due to |ow feeder bus patronage which averaged |ess
than one rider per trinp. Since the NTA |acked experience in

operating feeder services, the main objective of the feeder

service denonstration was to gain experience and insights that

'Mass Transit Administration, Planning and Program Devel opnent
Division, Services Planning Departnent, Feeder Bus Study Tech-
nical Report No. 1, Transit Patronage Survey, June 1979, p-IL-L.

18



would be valuable to their later inplenentation of feeder bus
service to rail stations. In addition, the MNTA hoped to learn
about the desirable characteristics of a feeder route, and user
and conmunity reaction to it.

Anot her purpose of the denonstration was to provide a data
base to validate the patronage estimates from the travel denand
forecasting nodels. The NTA wanted to conpare the nodel results
with the observed travel behavior from the feeder service
denonstration to test reasonableness of the nodel estinates.

Since MTA wanted the feeder denonstration to replicate as
closely as possible conditions of the future feeder bus service,
sites considered for the denonstration were |located in the sane
vicinity as the rail Iine. One existing express bus route, No.
24: The Pimllico Park and R de Express, was chosen as the closest
representation to the future rail |ine. Three new feeder
routes, shown in Figure 3, were designed to carry passengers who
would transfer to the express bus. All the feeder routes were
within a three mle radius of one express bus stop, in order to
l[imt feeder trips to 15 mnutes or |ess. The fare for the
feeder to express bus trip was identical to the fare paid for
regul ar bus to express bus trips. Each of the three routes nade
13 trips daily in the peak flow direction during the norning and
afternoon rush hours through neighborhoods w thout existing bus

servi ce. To mnimze wait tine, f eeder buses were schedul ed

19



FIGURE 3 _
Three Feeder Bus Demonstration Routes
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to arrive within five mnutes of an express bus departure. Wiile
the feeders arrived every 15 mnutes, the express bus left every
5 to 15 mnutes during the rush hours. In addition to the new
feeder routes, a few existing bus routes also carried passengers
to the sane stop to transfer to this express bus.

The factors <considered in choosing the selected site
i ncl uded: parking availability, the size of the "choice" rider
mar ket (those who have cars available), ease of inplenentation
travel time between the site and downtown Baltinore, nunber of
bus shelters on the site, site access points suitable for buses,
proximty to rail stations, and area |land use. The MNFA sought
community input on the selection of the feeder denobnstration
rout es. Community groups and elected officials were contacted.
Community reaction was limted, but on the whole, favorable.

Two nedia canpaigns were conducted to inform the comunity
about the feeder service and to encourage their patronage. The
initial canpaign, which began just before service initiation in
Cctober 1979, consisted of mailing brochures to 12,30®@ hones and
businesses within the feeder service area, inserting full-page
newspaper advertisenents, placing brochures on the 300 cars in
the express bus parking lot, and distributing brochures to the
exi sting express bus passengers. Four nmonths later, in February
1979, the second nedia canpaign was conducted. A newy designed
postcard was mamiled to the sane households and businesses as
previously, and agaim |eft on cars parked in the express bus
parking |ot. In addition, advertisements were placed in

di fferent newspapers than previously.
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The effectiveness of these marketing strategies was tested
by the responses to a comunity survey. A random survey of
households in the service area was conducted by telephone, re-
sulting in 262 interviews (10 percent of those contacted) wth
adults who commute either downtown or to the Hopkins Hospital
area. The following conclusions on conmmunity awareness of the
feeder service were derived from the survey:

0 About 40 to 45 percent of the nmarket had heard of the

f eeder bus service, conpared with about 95 percent who
had heard of the No. 24 line (the Pinllico Park and R de

express).

0 Only one out of every three auto users had heard of the
f eeder service.

0 O the forns of publicity used to pronote the service,
the brochure mailed to residences was recalled nost
often as a source of know edge; about 20 percent of the
target group nentioned |earning about the service from
t he brochure.

0 A very small proportion of the market, about 10 per-
cent, recalled any know edge of the routes. Even fewer
recall ed the schedul es.

Addi ti onal information was <collected through another
community survey, a passenger survey, and patronage counts to
determne conmunity reaction to the feeder bus service, and ways
to inprove it. MTA conducted the second random community survey
by phone of comuters to the downtown area who live within a
quarter mile of the feeder routes, to learn why they do or do not
use feeder service. From the 2,490 households contacted, 212

interviews resulted (9 percent response rate).
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A survey of feeder bus patrons was conducted to learn their
travel behavi or, their reason for ridSag the feeder bus, and
their perceptions of the service. The nanes and tel ephone num
bers of riders were collected while they transferred between
buses, so that a surveyor could contact them at hone. Seventy-
six names were collected, resulting in 61 interviews. Thi s
nmet hod was successfully pre-tested before actual use.

The conmunity and patronage surveys | nadicated that feeder
bus users were:

0 nmore likely than non-users to be wonen, enployed in

clerical professions, and nenbers of households wth

one Oor no cars,;

0 val ued conveni ence, such as proxinmty to the bus route,
nore than non-users: and

0 valued tinme |ess than non-users.

The NITA counted ridership on the feeder buses approxi mately
twice a week. During the denonstration, ridership was |ow,
ranging from a total of 15 to 50 daily passengers on 36 bus
trips. By the end, approximately 20 patrons daily were using the
service, averaging |less than one rider per bus trip. Due to such
low ridership levels, the service was termnated after six
nont hs.

The insights gained from all facets of the feeder bus
denonstration indicate that the desirable service characteristics
for feeder service are the sanme as those for I|ine-haul service.

These service characteristics are:

0 Coverage - A key factor in selecting feeder service was
residential or enploynent proximty to the route. In
designing alternative feeder plans, coverage should be
maxi m zed.
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Service Reliability - Service reliability is one of the
nost inportant factors influencing the acceptance of
f eeder servi ce.

Frequency - The frequency of service does not appear to
i nfluence the decision to use feeder service as long as
the service is reliable. When designing feeder alter-
natives, resources (i.e., vehicles and operators) which
m ght have been used to increase frequency should be
assigned instead to maximze coverage and assure
service reliability.

Al Day Service - Flexibility in arrival and departure
times is an inportant determnant in the selection of a
node. Therefore, all-day service should be schedul ed.

Fare - The cost of the trip was not considered an
inmportant factor, as long as it remained within reason-

abl e bounds.

Fare Paynent Method - Patrons are interested in having
an easy nethod of fare paynent, such as the nonthly
pass program

mmuni cation = One problem during the denonstration
i'nvol'ved the communication of route and schedul e infor-
mation to potential users. Dissemnation of service
informati on becones particularly inportant if the
recommendation for Jlow frequency and high coverage
service is inplenmented. In developing the routes and
operating plan, consideration nust be given to reducing
the conplexity of routes and schedul es.

Auto Disincentives -~ The results of the denonstration
indicate that the inplenmentation of disincentives for
using the autonobile, such as limting the nunber of
downt own parking spaces used for all-day parking, ma

be necessarv, for feeder service patronage to reac

desired levells.?

'Mass Transit Administration, Planning and Program Devel oprent

Di vi si on,
Techni cal
p.lidi.

Services Planning Departnent, Feeder Bus Study
Report No.2, Bus Feeder. Demonstration, June 1979,
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ACCESS MODE CHO CE MODEL

The next stage in the study involved the devel opnent of a

station access node choice nodel. This nodel estimtes the
percentage of rail riders who wll walk, drive, be driven, or
take the feeder bus, to get to or from the rail station. The

Regi onal Pl anning Council (®RPQ) devel oped the access node choice
nodel for NITA use in this study.

The scope of this effort was limted by two factors. First,
the timng and the budget of the study did not allow devel opnent
of an original, conprehensive nodel. As a result, the nethod-
ol ogy developed does not specifically address the issues of
station choice or the inpact of feeder services on 1ine-hawul
pat ronage. Second, a local data base representtiimg acitusdl use of
f eeder services was not avai |l abl e. Al t hough data were
available from the denonstration feeder service, patronage was
too low to be useful for nodel calibration purposes.

After reviewng available nodels, three were studied nore
closely for their applicability in estimating node choice to and
from Baltinore rail stations: the Baltinore nodel, the C evel and
nodel, and the Chicago nodel. Tables 4 through 6 present the
purpose, coefficients estimated, and access nodes included, for
each of these nodels. RPC chose to use the develand nodel wth
adjustnments (Table 73, to determne the distribution of access

nodes used to get to the Baltinore rail stations.
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TABLE 4
CLEVELAND MODEL

Agydlicatibon Purpose: Sub-modell withim overall mode split modiel
chaim

Structure: Logit (muktimomiial)

Maties: Wik, Park/Ride, Kiss/Ride} Bus

e i
Pi =
n -
P e Ej
j=1
winere,,
Bi = proebbility of choosimg moede i (walk, bus, penk/ridds,
kiss/ride)
ExX)wmlk =  -.2 (WDISTAWSPEED)
WDIST = distamce to statioom (miiles)
WSPEED = wealkimg speeci (3 mph)
s = -.2 (WDIST/WSPEED) -.2 (WAITB)
-8 (BIVT) - .026 (FARE)
WIDIST = disteance to statiom (miiles)
WSPEED = wealkimg speed (3 mph)
WAITB = wit tilme for bus
BIVT = in-vehicle tilme om bus
FARE = bus fare
R = -242 - .2 (WDISI/WSPEED) - .026 (L/ZFEIOST +
0COST) - .08 (PRIVT)
WDIST = distcance from parkimg lot to statiiom
(miiles)
WSPEED = wwalkimg speed (3 nmph)
PCOST = parkimg cost
OCOST = operatimg costs (cents/miile))
PRIVT = in-vehicle tiime
G = 232 - .026 (OCOST) - .08 (KRIVT)
OCOST = rowmnd trip operatimg costs (cents/miile)
KRIVE = in-vehicle time includimg the one-way trip

for the passenger and one-way trip of the
diriver

Sounrce: Regiomal Plammimg Countdil Report, Zransgpo;tziien
Techmical Memoravdium 3 8, Deve 1 opmem t of a Station
Access Mode Clwice MNmikl, January 1980, p. 7 and p. Al.




TABLE 5
I LLINO S MODEL

Application Purpose: Chi cago area feeder bus node
Structure: Logiit (bi nary)

Modes: Auto Conposite, Bus

P - G (x)
1 + ey
Pauto = 1 - Pous
wher e,
'bus, Paute = probability of choosing bus or auto access

node

G (x) = 2.5 - . 0012 (TINDIF) - .0317 (CSTDIE) -
0455 (DTSTOB) - .0006 (BSFREQ)

TCNDEIF = total origin to station travel time
di fference between nodes (bus mnus auto in
seconds)

CSTDIF = bus fare minus auto operating cost including

par ki ng (cents)

DTSTOP = distance from trip origin to nearest feeder
bus stop (hundred feed)
BSFREQ = headway between feeder buses (seconds)
Sour ce: Regi onal Planning Council Report, Transportation

Techni cal Menorandum 38, Developnent of a Station
Access Mdde Choice Mdel January 198®%, p. 7 and p. A2.
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TABLE 6
BALTI MORE MODEL

Appl i cati on Purpose: Zone-1level line-haul node split nodel (peak
wor k)
Structure: Disutility curves stratified by purpose, income, and

par ki ng cost.

Modes: Aut o, bus

f(Equivallemtt Tinme Difference, Qut of Pocket Cost,

"transit ~ .
Pur pose, Incone, Parking Cost)

Paute = 1 - Ptransiitt
wher e,

Equivalent Tine Difference = (Transit Run Tinme - H ghway Run
Time) + 2.12 (Transit Excess Tine -
H ghway Excess Tine) + 20

Transit Run Tinme = time spent riding on transit
vehicle

time spent driving or riding in

H ghway Run Tine

aut o

Transit Excess Tine = tine spent walking to bus stop;
waiting; and transferring, if
necessary

time spent wal king to vehicle and
parking time at destination

H ghway Excess Tine

Qut of Pocket Cost = Transit Fare - Auto Qperating Cost

Sour ce: Regi onal Planning Council Report, Transportation
Techni cal Menorandum 38, Developnment of a Station
Access Mde Choice Mdel. January 198®, p. 7 and p. A3.
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wher e,
Pi =
&%) wallk

@%%ybus

& ¥ e/R

/R

Sour ce:

TABLE 7
M2DI FI ED CLEVELAND MODEL

Pi = g&(x)id
n
E 8G((®) |
i=1
probability of choosing node i (walk, bus, park/ride,
ki ss/ride)

= -01-.2 (WDLST/WSREED))

wDIST
WSPEED

di stance to station (miles)
wal ki ng speed (3 nph)

-1-.2 (WDIST/WSREED)) - .2 (WALTB)
-.08 (BIVT) - .026 (FARE)

WDLST = distance to stop (mles)
WBPEED = wal ki ng speed (3 nph)
WALTB = wait time for bus
BIVT = in-vehicle time on bus
FARE = bus fare
& «2.42 - .2 (WDLST/WSPEED)) - .026 (1/2*PCOST + QCOST))
-.08 (PRIVT)

WDIST =distamece from parking lot to station
(mes)

WSPEED = wal ki ng speed (3 nph)

PCOST = parking cost

QCOST = operating costs (cents/mle)
PRIVT = in-vehicle time

-3.6 - . 026 (0COST) - .08 (KRIVT)

QCOST = round trip operating costs (cents/mle)
KRIVET = in-vehicle time including the one way trip
for the passenger and the two-way trip of
the driver
Regi onal Planning Council Report, Transportation

Techni cal Menor andum 38,, Developnent of a Station
Access Mode Choice Mdel, January 198®, p. 20.
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O the three nodels, the develand nodel presented the best
choice, since it provides the largest differentiation of nodes:.
wal k, park and ride, kiss and ride, and bus. The other npdels
conbine the two auto nodes, park and ride, and kiss and ride, and
do not include a wal k node.

The following assunptions are inplicit in the use of the
C evel and nodel :

0 the relative value of the coefficients hold for
Balti nore's northwest corridor, and

0 the distribution of socioeconomc characteristics in
the Ceveland sanple is simlar to the area around each
rail station.

RPC nmade adjustnents to the Ceveland nodel in an attenpt to

produce a nore accurate neasure of future access node behavior.

The adjustnments were based on three sources of l|ocal information:

0 the northwest corridor patronage survey previously
undertaken as part of the Feeder Bus Pl anning Study,

0 a survey of Baltinore area park and ride |ot patrons,
and

0 the Baltinobre access node choice nodel which was

consi dered, but not chosen for use in this study.

Data from the northwest corridor patronage survey were used
to nmake adjustnents, since it included information on passenger
access nodes. The parking lot survey of six MFA park and ride
lots was conducted to determine the distribution between those
who drove and parked, versus those who were dropped off. The
results were conpared to those of the Ceveland nodel, resulting
in changes to the nodel paraneters to reflect Baltinbre circum
stances. It was determined that kiss and ride and walk trips were
overestimated wunder the Cleveland nodel, based on actual

Baltinmore survey results, necessitating an adjustnent in these
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par anet ers. In addition, the node split between auto and bus was
conpared between the Baltinore and C evel and nodel s. Si nce the
Baltinore nodel had an incone variable, adjustnents based on
the conparison reflect node choice as influenced by socio-
econom ¢ characteristics of Baltinore residents. Table 7
presents the equation from the nodified Ceveland nodel used to
estimate access node choi ce.

To test this equation, the nodel was used to estimate the
di stribution of access nodes for one of the Baltinore rail sta-
tions. The results seened reasonable, and thereby inspired

confidence in the nodel.

PATRONAGE ESTI MATI ON  MODEL

The next planning phase involved the devel opnent of a nodel

to estinmate patronage. The inputs to the nodel included:

0 soci oeconom c estinates devel oped by RPC in conjunction
with local jurisdictions,

0 a transit network and fare structure conparable to that
existing in 1978 with the addition of the rail 1ine,
and

0 a highway network which included all road inprovenents

scheduled to be conpleted by 1982.

A three step process was used to construct the patronage
nmodel . First, two transit trip tables (showing trip origins and
destinations) were developed to project 1982 trips, based on 1978
conditions, one for bus patrons transferring to or fromthe rail,
and the other for bus-only passengers. The Regional Pl anning
Council's (RPQ) conputer nodels produced the travel simulations

for the trip tables. To produce travel sinulations for 1982 (the
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year the feeder bus system was expected to begin operation at the
time of the analysis), nodel inputs included socioeconom c data
the highway network, and the transit network for 1978 and 1982.
A different transit network was used for each feeder bus network
al ternative.

Then, an estimate was made of the percentage of rgil passen-
gers expected to use feeder bus from each transportation zone.
The percentages derived from the RPC access node choice node
devel oped in the last phase, were applied to the trip table to
project rail patrons using feeder bus by zone.

The final step in the process was the allocation of
estimated trips to specific bus routes. Two types of transit

passenger trips were assigned to routes:

0 trips in which both a bus and a rail line are used, and
0 trips in which the bus only is used.
For the bus-rail trips, the allocation to routes was a

detail ed, manual procedure using the nodified develand nodel.
The NMFTA estimated by zone the proportion of trips which a route
was likely to attract. Once the proportions were determned for
each route, and the total nunber of projected feeder bus patrons
was estimated by zone, individual route ridership could be calcu-
| ated. The bus-only trips were allocated anong routes by an Urban
Transportation Planning Systems (UWTPS) conputer program called
ULOAD,, which assigns zone to zone transit trips to alternative
transit routes. It was not possible to use ULQGAD or any other
conputerized program to allocate bus-rail trips, because it could

not provide the required detail on node of access--the nunber who
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woul d wal k, park/ride, kiss/ride, or take the bus to access the
feeder routes. This type of information was not needed for the
bus only trips, which used ULOAD in order to mnimze the tine
and cost of the procedure.

To validate the nodel developed to estimate bus ridership,
the 1978 transit simulation was conpared wth the Northwest
Corridor Patronage Survey results, one of the first tasks
undertaken in the Feeder Bus Planning Study. Al t hough the
conparison indicated that the nodel projected the nunber of
regional transit trips fairly well (overestimated by 11 percent),
the conparison of the nunber of trip origins and destinations by
zone showed a large range of discrepancy (from none to 606
percent). To adjust the nodel to reflect actual conditions
better, factors were devel oped for each zone and were applied to
work and non-work trips, and origins and destinations separately.
The adjustment factors were calculated by taking the ratio of
survey to nodel sinulated trips by zone for work origins, nea-
work origins, work destinations and non-wardk dbsstimstdoss. This
resulted in a nodel conpatible with the northwest corridor survey

results.

COST MODEL

The next task in the Feeder Bus Planning Study involved
construction of a cost nodel to be used to conpare the operating
costs of the different alternatives. The cost nodel estinated
t he nunber of vehicles and the hours of operation which would be
required to operate each alternative system in the weekday

norni ng three-hour peak period.
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Because the service could not be scheduled at that tinme,
upper and |ower bounds were estinmated to give a range of the
likely vehicle and hour requirenents. Cost estimates were then
obt ai ned by applying the current system average cost per vehicle
hour to the westimates of total vehicle hours for each
alternative

The cost nodel nmade the foll ow ng assunptions:

0 the passenger arrival rate at the peak-of-the-peak was

1.5 times the average peak arrival rate, and |asted
one-hal f hour;

0 the maxi num headway (interval between buses) was 30
m nut es:

0 standard-si zed buses with a 51 passenger seating capa-
city were used;

0 average operating speeds are 12, 15, or 18 mles per
hour, depending on the |ocation;

0 all nmorning peak routes would spend deadhead tine
traveling from the northwest Bus M ntenance Center to
the rail stations, where they would begin passenger
servi ce:

0 costs were estimated for two types of scheduling situa-
tions: conplete interlining of trips (a driver and

vehicle <cover a conbination of routes in order to
reduce | ayover time to a mninum and no interlining of
trips (resulting in longer |ayover tines and therefore
a need for nore vehicles); and
0 total operating costs were proportional to vehicle
hours of operation.
ALTERNATI VE FEEDER NETWORK
The next step in the planning process of the Baltinore
Feeder Bus Study was to develop alternative feeder networks to

the four outer rail stations. After constructing each set of bus

routes, the MNTA conpared the alternatives in terns of patronage,
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productivity (passengers per route mle), and cost. Then, based
on the conparisons, one alternative was chosen for presentation
to the NFA Executive Conmittee and comrunity groups. Conmmuni ty
comments on the selected alternative resulted in a revised
recommended alternative (Alternative D-1).

Initially three bus alternatives were constructed. O the
three, Aternative A provided the l|owest I|evel of service,
slightly Iless service than what was then being provided.
Alternative B restructured routes to the rail line, and added
service in some areas. Alternative C provided a higher |evel of
service than the other two, by extending coverage so that nost
residents would have no nore than an 1/8th mle walk, which
woul d take the average person approximately 2 L/2 mnutes. After
initial analysis of the alternatives, sone adjustnments were nade
to overcone perceived shortcomngs, resulting in Aternative D.
It provided nore coverage than Alternative A but less than B or
C. After fornulation of Aternative D, all four sets of bus
routes were evaluated and conpared to determne which had the
superior performance measures. Alternative D was selected as the
best alternative. A description of each alternative is provided
in nore detail in the follow ng paragraphs.

In Alternative A, existing bus service was realigned to
serve stations close to the route. A bus line was diverted to
serve a station only when its route was within a short distance
of the station, and it could be diverted with mninmm inpact on
the functioning of the line. The routes continued to serve the

same area as previously, and operation of buses was prinmarily
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l[imted to those streets currently served. Passenger trip tines
were expected to increase slightly, because of the additional
time required to serve the stations.

In Alternative B, route configurations were altered to naxi-
mze the use of the rail line. Bus routes which paralleled the
rail line were elimnated so that the route structure assumed the
form of circunferential, or feeder, service.

Alternative C extended coverage, Where physically feasible,
to provide service within an one-eighth mle walk of nbst house-
holds. The policy to increase coverage was based on the exper-
ience of other systems, and the results of the feeder bus denon-
stration which showed that, in order to maxinize patronage, nore
preference in bus route design should be given to area coverage
t han frequency of service. To prawide this denser coverage, the
use of smaller vehicles was assuned for narrow residential
streets.

Alternative D evolved after prelimnary analysis of the
first three alternatives. Wth this alternative, 75% of the
service area population was within L/4 mle of bus service, and
the routes were situated only on streets which were capable of
accommodating a full-sized bus.

After the four networks were developed and the alternative
feeder bus routes were specified for testing, the alternatives
were evaluated. To evaluate how each feeder bus route perforned

two basic criteria were established:
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Rai | Patronage: The estimated nunber of rail patrons expected
to use feeder bus routes during the norning
peak period to travel to or from a rail
station in the corridor.

Productivity: The ratio of the estimated nunber of peak
period inbound rail patrons wusing a parti-
cular feeder route to the nunber of route
m | es covered by that route.

Patronage for each alternative was derived wusing the
nodi fied Ceveland access node choice nodel. The NITA based
ridership estinmates on a.m peak period inbound (toward rail)
patronage, and then assunmed the p.m peak was the exact reverse.

The evaluation of the four alternatives indicated that B and
C would carry the nost riders, followed by Aternative D, and
then Alternative A with the fewest rail passengers (Table 8).
However, in terns of productivity, rail patrons per bus mle,
Alternatives B and D exceeded Alternatives A and C. Alternative
D was selected over Alternative B, despite its higher patronage,
because Alternative B required that NTA obtain snaller buses to
maneuver the side streets. Since Aternative D only included
maj or thoroughfares, it was not necessary to purchase a new type
of bus.

When Alternative D was presented to the public at nunerous
community neetings, those attending suggested mnor inprovenents
to the plan, which were then incorporated into a fifth alterna-
tive called DI (Alternative D with adjustnents suggested by the
community). Table 8 shows Alternative DI (Figure 4) to be the

nost productive of the five alternatives, approximtely 1,000

nore a.m wiiderrs With the | east extensive systeanintterms of one-
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TABLE 8
ALTERNATI VE FEEDER BUS SYSTEMS

Bus To Rail Passengers
One- Vay Passengers Per Route Mle
Route M| es (I nbound) (I nbound)
Alternative A* 142 3115 22
Alternative B* 128 3702 29
Alternative C* 157 3761 24
Alternative D* 127 3444 27
Alternative DIL** 126 4427 35

*Esti nmates based on 1978 dat a.
**Esti mates based on 1982 dat a.
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way route nmles. This my be partly attributable to the
reconmendations received at the public neetings, and partly due

to the availability of nore recent data for the projections.

COVMUNI TY MEETI NGS

After MNTA staff selection of Alternative D, and its
acceptance by the Executive Conmittee, NFTA held conmmunity
neetings to present this alternative and receive comunity feed-
back. Based on coments received from the community, NTA nade
mnor adjustnments to Alternative D, and called the nodified
feeder system Alternative DI. In Septenber 1982, the NITA
Executive Conmttee approved Alternative DI as the planned
f eeder bus system Alternative DI was expected to mmintain or
i mprove the level of service (coverage and travel tine) presently
provided in the corridor, while adding coverage in sone areas.
Buses paralleling the rail route would be elimnated, including
the express buses, while sonme crosstown routes would remain
unchanged.

Extensive comunity involvenent had occurred throughout the
process of route developnent. At the beginning of the planning
process, NTA invited representatives of approximately 20 of the
| argest community wunbrella organizations to attend a neeting
concerning the planning of feeder bus routes. Approximately 25
community leaders from within the feeder service area chose to
attend. Followng this meeting, NTA devel oped four comunity
Feeder Bus Task Forces, each headed by a conmunity chairperson.
The task force chairperson nediated between the conmunity and the

MTA Conmmunity Relations Departnent. In turn, the -Comunity
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Rel ati ons Departnent coordinated between the Task Force Chair-
persons and MTA technical staff.

The Task Force Committees and the NTA Comunity Relations
Departnent jointly selected sites for conmunity meetings. Over
67 public neetings occurred, involving over 300 community organi-
zations, wth the task force chairpersons, community |eaders,
conducting the neetings. MTA staff attended the neetings to nake
presentations, provide necessary support, and note conmunity
concerns and suggestions. In addition to holding neetings, NTA
mailed periodic newsletters to over a thousand individuals,
predom nantly those who had attended neetings, to keep them
informed of the status of the feeder bus planning process.

The first of the neetings took place in the Fall of 1981,
and continued until the Summer of 19&R. Three neetings, during
different stages of the planning process, were held at each site.
The first two neetings involved comunity input of ideas, while
the third one discussed the alternative selected by MDA, alterna-
tive D. As a result of the latter set of meetings, Alternative D
was revised, resulting in Aternative DI. Public hearings on

Alternative DI were conducted during the Fall of 1983.
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CHAPTER 1V

EVALUATI ON_OF THE FEEDER BUS PLANNI NG PROCESS

I NTRODUCTI ON

This chapter begins by conparing the planned feeder bus
system (Alternative D1) wth what was actually inplenented.
Then it evaluates the accuracy of the 1982 patronage, cost, and
revenue projections with actual observations in My 198%, after
sufficient time had passed for the system to build up its
ridership levels. The remainder of the chapter evaluates the
seven planning phases described in Chapter 111, including
approximte staff tine spent to conplete each task and
recommendations on how to inprove the process. The entire

pl anni ng process cost the MTA approxinmately $200,000.

COVPARI SON BETWEEN THE PLANNED AND | MPLEMENTED SYSTEM

The Baltinore feeder bus planning process concluded in
Decenber 1983. In June 1984, when the feeder bus system was
i mpl emented, the actual system was slightly different from
Alternative DI (Figure 5). However, the inplenented system and
Alternative DI are simlar in ternms of coverage and the |evel of
service provided (Table 9).. The inplenented system is 1.2 one-
way route mles shorter (less than 1 percent) than the planned
system 127..2 versus 128.4 one-way route mles, wth approxi-
mately 17 percent fewer vehicle mles of travel during the three-
hour a.m peak than the estinmated system

The difference in headways between the two systens are |ess
than eight mnutes for each route segnent, with one exception.

This does not apply to the six Alternative D | routes elimnated
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ONE- VAY ROUTE M LES,

TABLE 9

COVMPARI SON OF PLANNED VERSUS ACTUAL

HEADWAYS, AND | N-SERVI CE

VEHI CLE M LES OF TRAVEL BY ROUTE

ALTERNATIVE (D-0)) ACTUAL
AM AM
One-Way Peak One-Way Peak

Raiill Station Rout-e Route Head- 6-9 AM Route Route Head— 6-9 AK
Served # Milles Ways VMT # Miles Vays T
Reii sttersttomm B 4.9 30 59 P-6 4.6 36 46
Pllaza P-2 5.3 30 64 EL [ MI NATED - ==
P-3 6.8 15 163 (SEE R-4)) == ==

P-4 6.4 40 58 P-5 6.4 40 58

P-5 4.5 30 54 P-7 4.7 23 74

P-6 6.4 30 77 (SEE R-2) == ==

B-7 6.4 30 77 EL I MI NATED - ==

P-8 5.3 30 64 P-6 4.8 36 48

P-9 12.5 15 300 B-i 13.0 14 334

== == == == P-2 10.3 >90 21

== — == P-3 8.1 90 32

—_ - 53 44 5.9 40 53

Regers Avenue R 3.6 20 65 27 3.6 20 65
R-2 2.5 40 23 R-2 5.9 36 59

R-3 5.2 10 187 R-3 6.1 11 200

19 4.5 20 45 EL [ M NATED - oo

—s -- - 105 33 4.1 14 105

o= =z = sz R-4 8.9 16 200

51 4.4 13 122 51 4.4 13 94

-= os s 110 44 5.5 18 110

West Colld == =z == sz 51 (SEE 13 =
Spriing Lane 33 3.1 20 =z 33 ABOVE)) 14 ==
Mondaviin M-2 5.7 15 137 EL [ M NATED - ==
M-3 6.9 15 166 M-3 5.9 11 193

M-4 5.7 20 103 EL [ M NATED - ==

M-5 7.7 15 185 M- 7.2 13 199

22 4.3 14 111 22 4.3 14 11

7 12.2 15 293 M-2 6.5 12 195

=z =z 7.5 58 5 1.2 7.5 58

o= =z 15 17 7 0.7 20 13

o= =z 7.5 48 28 1.0 15 24

1 4.1 30 49 1 4.1 60 25

{TOWAR, 128.4 2793 127.2 2317
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Figure 5
Feeder Bus Routes

Altemative D-1 Versus
iniplemented System
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from the inplenented system or the seven routes added to the
i mpl emented system OF those route segnents included in both
systens, six have nore frequent service, while three have |ess
frequent service. The actual system varies from Alternative DI,
the system originally recomended by NTA, due to continued
community input to the feeder design and changes necessitated by

system operational requirenents.

ACCURACY OF FEEDER BUS PLANNI NG PROJECTI ONS

Overall, NTA was pleased with the process used to estimate
feeder bus ridership. Sone estimates, such as feeder bus
patronage and feeder bus revenue were considered reasonable
(Table 1@). Oher estimates, such as bus to rail ridership, node
split (percent who use feeder bus), and average cost, were not as

close to actual conditions.

A mgjor cause of the inaccurate bus to rail ridership
projections were overestimated rail system patronage estinmates
made outside the feeder bus planning process. Rai | pat r onage
proj ections* were overestimated by alnpst 50 percent. This may

have been a result of overestimated rail headways, and transit
fare and gas price assunptions which did not occur. The over-
estimate of rail riders, used as a given in the feeder bus
pl anni ng process, contributed to the 36 percent overestimte of

the nunber of bus to rail transfers.

*Includes rail passengers accessing and exiting the four outer
stations of the first phase of the Baltinore rail system the
section under study in the feeder bus planning process.
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TABLE 10
EVALUATI ON TABLE FOR THE BALTI MORE NORTHEAST CORRI DOR
FEEDER BUS PLANNI NG STUDY*

Eval uati on Esti mat ed Act ual Per cent
Criterion (1982) (198%) Di fference

TOTAL RAI L PASSENGERS
ON FEEDER BUS (1 NBOUND)

Nunber of Rail Passengers
Usi ng Feeder Bus 4,427 2,850 -36%

Percent of Rail Passengers
Who Use Feeder Bus 36% 59% +64%

RAI L PASSENGERS ON FEEDER
BUS BY STATI ON

Rai| Passengers By Station
Who Access The Rail By Bus:

Reiisterstomn Pl aza 1,88% 460 -76%
Rogers Avenue 896 880 -2%
West Cold Spring Lane 324 120 -63%
Mondawnim 1,009 1,390 +38%

Percent of Rail Passengers
By Station Wo Access
The Rail By Bus:

Reiisterstomm Pl aza 35% 23% -34%
Rogers Avenue 38% 59% +55%
West Cold Spring Lane 13% 11% -15%
Mondawmim 68% 90% +32%

TOTAL BUS PASSENGERS

Total Bus Passengers 14,745 13,752%* -7%
(Both Directions)

OTHER FEEDER BUS
CHARACTERI STI CS

Average Cost of Feeder

Bus Qperation Per Hour $29..60 $40..04 +35%
Feeder Bus Revenue $7,000 $7, 601 * +9%
One-Vy Route Ml es 128..4 127..2 -1%

*All values represent a daily three hour (6 a.m.-® a.m.l) norning
peak period except where stated otherw se.

**Val ues for some routes are not avail abl e.



On the other hand, the access node choice nodel devel oped
for this study underestinated by 64 percent the percentage of
rail passengers who would use feeder bus to access the rai
system A 45 percent underestimate or less, within a 25 percent
margin of error, would have been considered reasonable by NTA due
to tinme and budgetary constraints inposed on the devel opnent of
t he nodel .

Therefore, the nunber of bus to rail transfers was over-
estimated because the overestimate of rail trips was larger than
the underestimate of the percent who would access the rail system
by feeder bus. This conbination produced a 36 percent under-
estimate of those using feeder bus to access the rail system

Wth the exception of one station, individual station
ridership was not closely estimted. Ri dership estimates for two
stations, Reistetrstowm Plaza and Wst Cold Spring Lane, were
overestimated by approximately three-quarters and two-thirds,
respectively, while Mondawmim station was underestimated by
approxi mately one-third, and Rogers Avenue station was reasonably
projected with a 2 percent overestimte.

Overall, the access node choice nodel produced slightly
better estimates for individual stations than those for the
nunber of bus to rail transfers. Estimates of the percent of
rail riders who transfer from feeder bus was underestinated by
approximately one-half for the Rogers Avenue station and one-—
third for the WNondawmim station, while the percent was
overestimated by approximately one-third for the Reistetstown
Plaza station, and 15 percent for the Wst Cold Spring Lane

station.
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Despite the unreliability of the projection on the nunber of
bus to rail transfers, the total feeder bus projection was close,
with a seven percent overestinate.

The average cost of feeder bus operation per hour was
underestimated by 35 percent. This was the result of three years
of inflation and |abor cost of living increases between the tine
of cost nodel devel opnent and i npl enmentation.

Revenue estimates were fairly accurate, underestinmated by
nine percent*, wth revenue higher than expected, due to

unantici pated fare increases.

SEVEN PLANNI NG PHASES

The remminder of this chapter wll evaluate each of the
seven phases of the planning process. Strengths and weaknesses
of each phase will be discussed, in addition to MTA's thoughts on

how it would conduct the process differently next tine.

TRANSI T PATRONAGE STUDY

This planning phase consisted of passenger surveys and
ridership counts, and took approximately one and a half calendar-
years to conplete. The purpose of the survey was to determ ne
existing ridership, and identify travel patterns and socio-
econom ¢ characteristics of current transit riders in the
northwest corridor, where the four nmetrorail stations which

connect with feeder buses are | ocated.

*Data on sone routes are unavail abl e.
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Before inplementing the passenger surveys, four pilot
surveys were conducted, to test the wording of the survey
guestions and passenger wllingness to respond to the questions.
The pilot survey was found to be a useful device to test the
survey format and questions. The types of responses received
hel ped refine the Ianguage of the travel and socioeconomc
questions for the final survey, in terns of clarity and passenger
willingness to respond.

The NTA used the survey results on ridership characteristics
as inputs into the node choice, patronage estimation, and cost
nodel s. The inputs included incone, trip purpose, access/ egress
node, and the distribution of trip origins and destinations.
O her characteristics which provided general information useful

for feeder planning were auto availability, availability of a

driver's license, transfer rate and fare paynent. In addition,
maj or conclusions derived from the survey proved useful in the
pl anni ng process by enphasizing the inportance of limting the

nunber of passengers required to transfer twice (from bus to rai
to bus), particularly on short trips. Because of this, sone
crosstown routes were not elimnated from the final bus network
Two socioeconom ¢ characteristics questioned on the survey--
passenger age and sex--were found to be uninportant for planning
pur poses.

In retrospect, after having conducted four different pilot
surveys, NTA believes that one pre-testt of the survey would have

been sufficient. Instead of conducting additional pilot tests,
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MTA believes that staff time would be nore productively spent
researching the surveying experiences of other transit

properti es.

FEEDER BUS DEMONSTRATI ON

The next step in the planning process was a feeder bus
denonstration project, acconpanied by additional user and narket
surveys, Wwhich took approximately eight calendar-nonths to
conpl ete. The denonstration consisted of a feeder bus service
that carried passengers from honme or work, to a point where they
could transfer to an express bus traveling directly downtown.
The objective of this denonstration was for NTA to gain exper-
iencewiitthh feeder route operation, @as well as collext datatouse
in estimting access node denmand.

In retrospect, the MTA believes that the feeder denonstra-
tion was not a necessary conponent of the planning process. The
information learned from the denonstration could have been
acquired from available transit planning literature. The denon-
stration confirmed what is stated in the literature, that
reliable on-tine performance is nore inportant to transit riders
than cost and travel tine. |In addition, the denonstration was
not successful in collecting sufficient data to use as an input
into the access node choice nodel, the next planning step, due to

low ridership levels (averaged |less than one rider per trip).

ACCESS MODE CHO CE MODEL
The station access node choice nodel was developed to
estimate the percentage of rail riders who would wal k, drive, be

driven, or take the feeder bus, to get to or from the rai
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station, and took approximately eleven calendar-nonths to
conpl et e. Due to budgetary and time constraints, the nodel was
borrowed fromthe Gty of Ceveland, with appropriate adjustnents
made to reflect Baltinore socioeconomc characteristics. The
Cl evel and nodel was selected because it incorporated the
access/ egress nodes which would be available in Baltinore. Thi s
was inportant to the NITA because it had no prior experience,
except the failed feeder bus denonstration, from which to node
transfers between bus and rail.

The NTA was pleased with the results of this approach
despite the large underestimate of the percent of riders who use
feeder bus to access the rail system, and would not hesitate to
use it again if the resources to create an entirely new one were
not available. The nodel allowed the testing of the inpact of
alternative feeder bus service levels and policy decisions on the
proportion of rail riders who would access/egress by feeder bus

The estimated node split of total feeder bus riders for the
final selected alternative (D l) was wunderestimated by a 64
percent difference (Table 1@). NTA had not expected to produce a
highly reliable nodel because it was their first experience in
devel opi ng an access nodel with nore than one transit node (rail
and feeder bus), in addition to their budgetary and time
constraints. Therefore, they would have considered results
within a 25 percent margin of error, which is a 45 percent

underestimate, to be reasonabl e.
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PATRONAGE ESTI MATI ON  MCODEL

The devel opnent of the patronage dstimmttii@am nodel for each
feeder bus route and the nunber of bus to rail transfers,
involved a conbination of the results of the access node choice
nodel and total feeder bus patronage estinates. Overall, NTA was
pleased with the results of this process, and would not change
the procedures used in future planning efforts. Thi s phase took
approxi mately four calendar-nonths to conplete. As discussed in

the previous section, MTA was generally happy with the access

node choice nodel. O course, the results of the nodel are
affected by changes to rail and bus fares and auto gasoline
pri ces. A major part of developing the patronage estimation

nodel involved the devel opnment of transit trip tables to project
1982 trips, based on 1978 conditions, and the allocation of trips
to bus routes. To validate the patronage nodel, the transit
simulation was conpared with the Patronage Survey results under-
taken as the first planning activity in this process. Based on

the conparison, appropriate adjustnments were nmade to reflect

actual conditions.

COST MODEL

The next planning task involved construction of a cost nodel
to be used to conpare the operating costs of alternative feeder
systens, and took about about five calendar-nonths to conplete,
due to low staff availability at the tine. Overall, NITA was
pl eased with the nodel and would not make significant changes for

future use. NTA was successful in developing a nodel highly
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reflective of local conditions and current operating character-
i stics. It estinmated the cost inplications of operating each
alternative system based on nunber of vehicles and hours of
operation required. The initial costs produced by the nodel for
each alternative, were used as a basis for re-evaluating the
alternatives to neet budget limtations.

Despite MTA's belief in the general reliability of the cost
nodel, the estinmated costs produced from the nodel underestimated
actual operating costs by 35 percent. MTA attributed the size of
the error to inflation and increased |abor costs which occurred
between the time of nodel devel opnent and nodel inplenentation, a

period of three years.

ALTERNATI VE FEEDER NEI'WORKS

In this phase, four alternative feeder networks to the four
outer rail stations were devel oped, and took about four calendar—
years to conplete. To select the recommended feeder bus network
for presentation to the community, the MNFA conpared the
alternatives in terms of patronage, productivity (passengers per
route mle), and cost.

The NTA believes that less tine should have been spent on
this phase. Although the NTA devel oped four feeder bus alterna-
tives, it now believes it would have been nore cost-effective to
have concentrated on only one or two well conceived alternatives,
since the signcficamtt anount of tinme and cost required to devel op

additional alternatives was not worth the benefits derived.
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COVMUNI TY MEETI NGS

The |ast phase of the feeder bus planning process consisted
of comunity neetings, which took approximately two calendar—
years to conplete. After NTA selected the preferred alternative
it presented it to the community at nunerous neetings. Even
though the NTA had initially prepared four alternative systens,
only one recomended system was presented to the public. Then,
based on comunity comments and reactions, NTA nodified the
recormended alternative, which was eventually inplenented. This
procedure, presenting one alternative to the community and then
adjusting it according to public suggestions, operated snoothly
and was acceptable to both the NTA and the comunity.

First the NTA net with unbrella groups who were expected to
dissemnate the information to smaller neighborhood groups.
However, many nei ghborhood groups requested MFA presentation of
the proposed feeder bus system The MTA was responsive to al
requests for presentations, resulting in a total of 67. Despite
the large nunber, these public neetings were perceived by the NTA
as being a worthwhile effort. The neetings provided NTFTA wth
community feedback, as well as creating comunity acceptance of
the final system In retrospect, however, the NTA staff now
believes it would have been nore efficient to have limted the
period over which staff presentations would have been nude,
instead of allowing it to extend for one and a half years.

The NTA staff also believes that it should have better
inforned all politicians about the selected feeder bus alterna-
tive prior to the initiation of community meetings. Although

sonme had been approached by the MIA®, others had not. This latter
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group occasionally raised issues and questions at the neetings
which the MTFA would have preferred to have discussed with them

bef or ehand.
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CHAPTER V
CONCLUSI ON

The NTA was generally pleased with the process that was used
in the Baltinore Feeder Bus Planning Study. The NITA believes
that overall reasonable cost and revenue estimates were produced
that helped guide the developnent of the feeder bus network.
Furthernore, community input was encouraged and solicited which

was invaluable in the nodifications that were nade to the feeder

net wor k.

Al though the process was successful, the NTA |earned a
nunber of Iessons which it would incorporate in future feeder bus

pl anning activities. These |essons are:

0 When surveying existing bus patronage to determ ne
trip and socioeconom c characteristics, one pilot
study that tests for passenger understanding of
wording and willingness to respond prior to the
actual survey is sufficient. The NITA undert ook
several pilot tests with distinct variations, and
determined that the additional information gained
was not wairtthttreasldkdeti time and cost.

0 The NTA asked age and sexrelatedlquestiomsintthe
soci oeconom ¢ section of its patronage survey of
existing riders. It was determined that these

guestions were uninportant for planning purposes,
and therefore should be elimnated from future
pl anni ng surveys.

0 The feeder bus denobnstration, which operated
shuttle service to an express bus stop, proved
unsuccessful in producing information useful to
the planning process, in part due to |ow patron-
age. It was inplemented to provide MNMTA wth
know edge of what feeder characteristics were
necessary for a successful feeder operation, and
it was hoped that this know edge would be trans-
ferable to the planned feeder bus system. 1In
retrospect, the NTA determined that the infornma-
tion gained from this experinment could have been
derived nore easily and less costly from the
avail able planning literature.
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The NTA was satisfied with the access node choice
nodel which they borrowed from Ceveland and then
adjusted where necessary to reflect |ocal
condi tions. Although a locally created node

should produce a nore reliable estimate of |ocal
conditions, the MTA believes that borrowing a
nodel is a satisfactory alternative when tinme or
cost constraints exist.

In the Baltinore planning study, four alternative
feeder bus networks were devel oped and eval uated.
In retrospect, the MFA feels it would have been
preferable to have concentrated on two well
t hought out alternatives only. It felt the added
time and cost of developing four alternatives was
not worth the additional gain.

The MTA presented its recommended alternative to
the affected community for its input, and then
made nodifications based on comunity conments.
Since this citizen involvenent process also proved
successful in encouraging conmunity support for
the feeder system, it had value both
constructively and politically. Wiile the NTA
recogni zes that extensive conmunity neetings are
valuable, the NTA believes the tine-frane of
community participation should be limted to a
reasonabl e peri od.

MTA believes that all politicians with
constituents in the affected area be informed
about the recommended plan prior to the comunity
participation process in order to assure their
cooperation at conmunity neetings.

Finally, the MFA found that the nost inportant
factors in designing a feeder bus system are:
service reliability, coverage nmaxinization, a
m ni mum nunber of double transfers, continuation
of crosstown service, flexibility in arrival and
departure tinmes, and unconplicated routes and
schedul es. Service frequency and fare cost appear
to be less inportant elenents, as long as service
is reliable and the fare is reasonable.
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